Abstract: Digital cameras have a long product life cycle. Generally, sales decline once the product reaches maturity. However in Japan, the number of patent applications continues to grow even after the maturity stage. This indicates that there must be a number of useless patent applications. In Japan, companies tend to file patent applications without regard to the possible effects of the patent application on the companies productivity and profitability. In general, patent applications are filed to thwart competition and improve its bargaining power in cross licensing agreements. This study analyses the cumulative number of patent applications using correlation analysis and examination of the financial indicators of each company. More importantly, this paper makes a comparative study of the company's management of patent applications with the product life cycle of digital cameras.
Introduction

History of digital camera
The year 1981 saw the emergence of digital cameras in Japan. Mavica made by SONY was the first digital camera prototype in Japan. This digital camera adopted a method of storing images on a floppy disk without films and an analogue-type recording method of video camera for recording images. Canon released RC-701 as a single-lens reflex (SLR) camera with interchangeable lens in 1986. This was the first product with analogue-type recoding method in Japanese market. On the other hand, the first digital-type camera was FUJIX DS-1P made by Fuji Photo Film in 1988. However, these cameras were for professionals and business use and very expensive (Kozaki and Nishii, 2009) .
The rapid spread of SLR camera began in 2003 when Canon released EOS KISS DIGITAL. The marker price of the body of camera at that time in Japan was about 120,000 yen (Kozaki and Nishii, 2009 ). However, since 2003 the sales of digital cameras began to decline in Japan.
Therefore, it has been over 20 years since digital cameras were introduced in Japan. Digital cameras are the typical products having very long product life cycle. In this study, the product life-cycle is defined by changes of annual sales (see Figure 1 ). This sales curve is generally expressed by an S-curve and four stages (development, growth, maturity, and decline). The development stage indicates the introduction of the product. The growth stage indicates high demand. The maturity stage indicates stagnant demand. The decline stage indicates downturn in demand. The starting point of the maturity stage is defined by the point where the sales (S-curve) begin to flatten.
Patent application normally occurs during the introductory stage of the product life cycle in order to protect the intellectual property rights of the inventor and monopolise the market. In certain circumstances, patent applications are filed when new and original designs are added to the product. With sales of digital cameras declining since 2003, generally there would be fewer patent applications. However, in Japan, the opposite is true with more patent applications launched each year on digital cameras. The aim of this paper is to analyse the interplay between cumulative number of patent applications and product life cycle of digital cameras.
Product life cycle
According to statistical data compiled by Camera & Imaging Products Association (CIPA, http://www.cipa.jp/english/index.html) which is a Japanese industry organisation about camera and imaging products, the penetration volume of main consumer durables (general households) about digital cameras was 32% in 2003 , 53.7% in 2006 , 69.2% in 2009 (Camera Industry in Japan CIPA Report, 2009 . It is possible that the commoditisation of digital cameras occurred with increasing speed for several years. The diffusion trend in digital cameras could be found by using statistical data compiled by CIPA. Figure 1 shows the annual value of shipments to Japan of digital cameras with built-in lens and digital SLR cameras with interchangeable lens (Camera Industry in Japan CIPA Report, 2009 ). The concept of digital cameras in this study includes both camera with built-in lenses and SLR with interchangeable lenses because these cameras have many common functions. Digital cameras with built-in lens which hold a majority of value of shipments to Japan continued to grow rapidly from 1999 and reached a peak in 2003. Figure 2 shows the total annual quantity of shipments to Japan of digital cameras with built-in lens and digital SLR cameras with interchangeable lens (Camera Industry in Japan CIPA Report, 2009). Digital cameras with built-in lens which hold a majority of quantity of shipments to Japan continued to grow rapidly from 1999 until 2003. 
Patent applications of digital camera
We extracted the annual number of patent applications and the cumulative number of patent applications about the top six companies which filed a lot of patent applications in Japan from 1983 to 2007 (Table 1) . These six companies are Olympus, Canon, SONY, FUJIFILM, Panasonic and SEIKO EPSON. All of them are participants in the CIPA Statistical Research (Camera Industry in Japan CIPA Report, 2009). We used JP-NET of Japan Patent Data Service Corporation (http://www.jprom.co.jp/) for patent searching. Data sources are based on the data of the Japan Patent Office (IPDL, 2009). Patent searching followed four conditions. In addition, we removed some noise applications, which are not suitable and are beyond the scope of this research. Condition 1 Partially matching retrieval by applicant name (company name).
Condition 2 Keywords retrieval from full text including claims and patent specification.
Keyword: digital camera or digital still camera or electronic still camera Condition 3 International patent classification (IPC): G or H.
Condition 4 Period subject to retrieval: patent applications and utility model applications filed in Japan Patent Office from 1 January 1983 to 31 December 2007. Application date is based on actual filing date. In addition, hereinafter referred to as patent applications including utility model applications. Figure 4 . Since it was difficult to determine a certain characteristic tendency from Figure 4 , we considered only the cumulative numbers of patent applications of these six companies. 
Hypothesis
Hypothesis formulation
Generally, there are a number of patents in one electronics product. It is difficult for one company to own all the patents. Therefore, the electronic company tends to file a number of patent applications in order to protect its product and thwart competition. Since Japan has a first to file system, a company gains an advantage if it is the applicant of a number of patent applications. It can prevent other companies from claiming intellectual property rights on the technology. At the same time, other companies will be prone to enter into cross licensing agreement with the patent applicant. Figure 6 shows the relations between the product life cycle and patent applications with conceptual basis.
Figure 6
The relation between product life cycle and patent applications (see online version for colours)
A new product progresses through a sequence of stages from introduction to growth, maturity and decline. In the research stage, patent applications containing information about the product's basic concept and elemental technology are filed. In the development stage, patent applications about more concrete product technology and product process are filed. In the maturity stage, patent applications about further application of the technology, etc. are filed. Under Japan Patent Law, each patent has limited protection period of 20 years from the date of filing. Therefore, there is no protection of after 20 years. On the other hand, the product life cycle starts when the product is launched in the market. In the case of long life cycle product, company faces the difficulties of acquiring profit and maintaining its market share after the maturity stage because either new products are launched in the market or new players stake their claim on the market territory. However, in Japan, even though the products have reached the maturity stage, companies tend to continue applying for patent protection ( Figure 6 ) even though the patents do not contribute to the company's profit. Many of these companies file useless patent applications, only in order to prevent competitors from filing similar patent applications and getting similar patents. This practice contradicts proven management strategy of applying ownership for only useful and carefully-selected patent, which includes inventions comprising new technology or adding new function. In order to prolong the maturity stage, it is important to make a patent portfolio based on said new technology because the protection period of basic patents begin to expire.
To keep the balance between quantity and quality of patent applications, each company should manage a number of patent applications taking into consideration of their own financial indicators (sales, income and R&D expense). Based on this dichotomy, we hypothesise the following:
Hypothesis 1 The cumulative number of patent applications of each digital camera company has the same transitional change as other competitors. In formulating its patent application strategy, each company takes into account the competitor's patent application trend.
Hypothesis 2 A certain digital camera company considers the cumulative number of patent applications as the patent application strategy, without considering own financial indicator (especially, income).
Hypothesis 3 A certain digital camera company files patent applications which do not contribute to the corporate profitability and without consideration of its own financial indicator (especially, income) after the maturity stage of its product life cycle.
As a starting point, this paper takes the view that a company will be able to reduce extra cost and time, which is derived from useless patent applications, by managing patent applications linked to the product life cycle and financial indicators and focus on R&D.
Existing literature
There are no current literature dealing with IP management for reducing useless patent applications of specific products based on the product life cycle and financial indicators in the electronics industry. It is an important factor to diffuse products to the market for corporate sales. Rogers set up the theory of diffusion of innovations by observing diffusion of agricultural instruments in USA. The mechanism of diffusion of innovations is described in the literature of Rogers (2003) . This diffusion curve is expressed by the ratio of annual intakes and has five stages (innovator, early adopter, early majority, late majority and laggard).
In marketing field, Levitt (1965) proposed the marketing action plan based on the steps of product life-cycle. These steps consist of four stages (development, growth, maturity, and decline). This product life-cycle curve is expressed by annual sales.
Generally, it was difficult to predict the diffusion curve and the sales curve precisely. As to mathematical approach, Bass came up with product growth model for consumer durables (Bass, 1969) . Bass model is a simulation model for diffusion process of consumer durables. However, it requires many parameters such as accumulated diffusion ratio, innovation coefficient, and imitation coefficient. It is difficult to collect these data about a certain product fully and predict the latter half of diffusion curve precisely.
With regards to the IP fields, Nakamura describes factors of filing a lot of patent applications by Japanese electronics companies. In the electronics field, cross-license between competing companies is generally accepted because of the reduction in the risk of lawsuits. Therefore the quantity of patents and patent applications is considered as important factors in Japanese electronics companies (Nakamura and Kyomoto, 2006) .
There is also a study of IP management in pharmaceutical firms concerning the relationship between patents and product life cycle (Ida, 2005) . In this study, the literature describes IP management for maximising the profit from drug discovery research over long periods by different types of patents. Pharmaceutical companies can directly protect their drugs through the substance patents. Thus, the number of patent applications in the pharmaceutical industry is low compared with electronics companies.
Research methodology
In this session, we used deductive methodology, starting from an analysis of patent applications (A) in order to reach the conclusions (E).
A Analysis of patent applications
We determined the annual trends of patent applications and the cumulative numbers of patent applications for six companies, which participated in the CIPA. We formed Hypothesis 1 and verified it by using a correlation analysis regarding their cumulative number of patent applications.
B Patent applications and financial indicators
We formed Hypothesis 2 about the relationship between each company's cumulative number of patent applications and the financial indicators. We verified Hypothesis 2 by using a correlation analysis.
C Classification of six companies
We analysed the critical factors of each company according to the financial indicators based on the verification result, and classified these six companies by critical factors.
D Specifying useless patent applications about a certain company
We selected one company and analysed the relationship between the patent applications, which have not been requested for examination, and the importance of technology for specifying useless patent applications after the maturity stage, to verify Hypothesis 3. It is assumed, in our research, that the importance of technology may be decided using inspection data and offer of information data.
E Conclusions
We recommended that companies should reduce useless patent applications which are not linked to financial indicators and corporate profitability. Lastly, we proposed future subjects in connection with the outcome of this research.
Table 2
Correlation among cumulative numbers of patent applications (*: cumulative number) The single asterisk * in all tables, shows significance probability of below 5%, the double asterisk ** shows significance probability of below 1%.
Company
Analysis
Correlations among cumulative numbers of patent applications
We tried to verify Hypothesis 1 by using a correlation analysis among the six company's cumulative number of patent applications from 1984 to 2007. We made an analysis of the collected data by SPSS (IBM SPSS statistics), which is a statistical software. We used correlation analysis because we intended to show that each company takes into consideration the competitor's company's patent applications. Table 2 shows the results of the correlation analysis. Each company's cumulative number has a very high correlation to each other. Therefore, we concluded that each company controls and decides their own cumulative number of patent applications by considering the other companies' cumulative number(s) as an external factor. The first half of Hypothesis 1 was verified, the last half of Hypothesis 1 was not verified. It will be necessary to make further evaluation with interview or questionnaire survey to verify the last half of Hypothesis 1.
Analysis between each company's cumulative number of patent applications and financial indicators
There is a high correlation among each company's cumulative number of patent applications. However, we predicted that the determining factors of filing patent applications are related to financial indicators which are an internal factor, as well as the other cumulative number of patent applications. On the other hand, it is assumed that some companies decide the number of patent applications without considering its own financial indicators based on Figure 4 . Such companies may file useless patent applications which do not contribute to corporate profitability, at least in the short-term. We defined financial indicators as sales, income, and R&D expense, because we predicted IP budget in each company would be decided according to these indicators. So we tried to verify Hypothesis 2 by correlation analysis between the cumulative numbers of patent applications and the financial indicators about six companies. We collected information concerning the financial indicators of each company from each company's website ( Table 3 shows the correlation analysis of SONY between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from SONY's web page (http://www.SONY.net/SONYInfo/IR/financial/fr/ historical.html). SONY's cumulative number of patent applications has a high correlation with sales and operating revenue (total sales). SONY's cumulative number of patent applications has very high correlations with R&D expenses. SONY's cumulative number of patent applications has high correlations with sales and operating revenue (total sales). On the other hand, SONY's cumulative number of patent applications has no correlations with operating income. Table 4 shows the results of correlation analysis of Canon between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from Canon's web page (http://www.canon.com/ir/historical/). Canon's cumulative number of patent applications has very high correlations with sales (camera), operating profit (camera), R&D expenses, sales (Japan), operating profit (Japan), and current net income, etc. Table 5 shows the results of FUJIFILM's correlation analysis between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from FUJIFILM holdings' web page (http://www.fujifilmholdings.com/ en/investors/performance_and_finance/financial_highlights/index.html.
FUJIFILM's cumulative number of patent applications has very high correlations with sales (Japan), sales (worldwide), and R&D expenses. On the other hand, FUJIFILM's cumulative number of patent applications has no correlations with operating income, net income before tax, and current net income. Table 6 shows SEIKO EPSON's correlation analysis between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from SEIKO EPSON's web page (http://global.epson.com/IR/). SEIKO EPSON's cumulative number of patent applications has high correlations with sales. On the other hand, SEIKO EPSON's cumulative number of patent applications has no correlations with operating income, current profit, net income before tax and other adjustments and current net income, etc. Table 7 shows Panasonic's correlation analysis between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from Panasonic's web page (http://panasonic.net/ir/factbook/index.html). Panasonic's cumulative number of patent applications has very high correlations with sales (department). And, Panasonic's cumulative number of patent applications has high correlations with operating income, sales (location), and income (location). Table 8 shows Olympus' results of correlation analysis between the cumulative number of patent applications and the financial indicators. The financial indicators were retrieved from Olympus' web page (http://www.olympus-global.com/en/corc/ir/brief/, http://www.olympus-global.com/en/corc/ir/brief/archive/). Olympus' cumulative number of patent applications has very high correlations with sales and R&D expenses (total). Olympus' cumulative number of patent applications has high correlation with R&D expenses (department). From the correlations shown in Tables 3 to 8 , there is high possibility that SONY, FUJIFILM, SEIKO EPSON, and Olympus do not decide cumulative numbers of patent applications by considering own income. Especially, this tendency is true in SONY, FUJIFILM, and SEIKO EPSON because they have no correlations or negative correlations about incomes. Therefore, it can be said that Hypothesis 2 was tested.
Result and consideration
The results shown in above-mentioned Tables 3 to 8 have been combined in Table 9 . These financial indicators can be classified into three groups: sales, income, and R&D expenses. The company's attitude towards its IP is reflected in these indicators. Three indicators are linked with the IP budget of each company. Notes: ≥ 0.9, 0.7 < < 0.9
Six companies are classified into three groups as shown in Table 9 . The first group includes SONY, FUJIFILM and Olympus. These companies are thought to consider sales and R&D expenses for deciding cumulative numbers of patent applications. The first group can be said to be 'R&D type'. The second group includes Canon and Panasonic. These companies are thought to consider sales and income mainly for deciding cumulative numbers of patent applications. The second group can be said to be 'income type'. The third group includes SEIKO EPSON. This company is thought to consider only sales for deciding cumulative numbers of patent applications. The third group can be said to be 'sales type'. There is a tendency that each cumulative number of patent applications is not directly linked with corporate profitability because the cumulative numbers of patent applications in the first group and the third group do not have positive correlations with incomes. On the other hand, the cumulative numbers of patent applications in the second group has positive correlations with income, and it is evaluated that its patent application management is preferable. Especially, Canon's cumulative number of patent applications is positively linked with almost all the financial indicators including income; thus, Canon's patent application management is well integrated with financial indicators, which is considered to be a contributor to corporate profitability.
Specifying useless patent application in certain company
We selected SONY as the certain company which filed useless patent applications after the maturity stage. In Japan, the applicant can make a request for examination within three years after the date of filing (in the latest patent law). In case that the company decide that the patent is not necessary, the company does not need to pay for the examination, and the application will be deemed as withdrawn. For the patent application which has not been requested for examination, we call it; 'no request for examination'. In Japan, everybody can submit technical information for a specific patent application in order to defeat the patent application. Patent examiners can consider this technical information as one of prior arts. When someone submits this information, this means that there must be a certain strong interests to oppose the patent application. The number of technical information influences the patent application. The submission of technical information is called 'offer of information'. Additionally, in Japan, the examination processes are basically open to the public, and everybody can request an inspection of the processes of examination, which we call it; 'inspection'. In case there are many inspections done, this means that there must be strong interests in the progress of examination.
We made an evaluation on the patent applications by SONY in the main IPCs, under the categories of 'no request for examination', 'offer of information' and 'inspection'. IPCs including more than 100 patent applications were selected in the IPC class G or H. From the view of No request for examination, H04N (pictorial communication) is the first. G06F (electric digital data processing) is second. Table 10 shows the ratio of no request for examination, offer of information and inspection in main IPCs of SONY. Offer of information and inspection are very important indicators, which show that the competitors have strong interests in SONY's patent applications. In the offer of information, any ratio is less than 1%; inspection, H04N is 3.5%; G09G (arrangements or circuits for control of indicating devices using static means present variable information) is 11.4%. Therefore, it is highly possible that G09G is a very important technology, and it is necessary to file patent applications for making the patent portfolio. On the other hand, it is possible that IPC, s except G09G, are not very important to the competitors.
Table 10
The ration of Inspection, offer of information, and no request for examination in main IPCs As shown in Figure 4 , the high number of patent applications of the companies continued even after the maturity stage in 2003. The result of the study showed that SONY, SEIKO EPSON, and FUJIFILM filed excess patent applications which do not contribute to the company's profitability. These three companies could reduce or avoid filing a large number of patent applications. In contrast, Canon and Panasonic continuously filed patent applications based on the result of their corporate profit statement (see Table 9 ). Thus, it can be said that they apply an efficient patent application management.
G02B G02F G03B G06F G06T G09G G11B H01L H01M H04N
This study shows the importance of linking the patent application with the product life cycle and financial indicators of the company. It is a waste of time and cost for each company to maintain a large number of useless patent applications in order to compete with the cumulative number of patent applications of competitors.
Recommendations
This study recommends the application of the following patent application management:
Action 1 Each company should carefully select the inventions and should file patent applications according to the position of the invention in line with its product life cycle. They should determine whether the patent will contribute to the company's profitability based on its financial indicators.
Action 2 Each company should carefully select patent applications which include inventions comprising new technology or additional new function after the maturity stage of product life cycle. Companies should not file defensive applications or applications based on minor improvements.
Action 3 Each company should make continuous and regular inventory during the maturity stage and abandon useless pending patent applications and useless existing patent rights.
By implementing the above patent application management, each company will be able to focus on R&D. The company should file patent applications based on business forecasting, even if the cumulative number of patent applications is not linked with financial indicators. It is said that the cross licensing is commonly used among Japanese electronics big companies. Based on this cross licensing agreement, all parties to the licensing agreement must abandon the enforcement of mutual exclusive rights so that the legal power of patent rights will be minimised among concerned parties. If such cross licensing is agreed within the limited members, it may generate a discussion whether it violates competition law or not.
Future issues
In this study, we focused on the Japanese patent applications and market. We dealt mainly with macro data, such as cumulative numbers of patent applications in digital camera industry. However, we did not consider the detailed technical contents and strength of patent applications, influences of other patent data such as patent-holding period, foreign applications, a number of patent rights, etc. We would like to study patent application management, including these factors in the future. We intend to carry out interview or questionnaire survey to these companies in connection with the critical factors, which have been verified in this research.
